4000. for thirty minutes; raise temperature to 5000. and continue the infusion for ninety minutes.
2. Preliminary adjustment of pH of the infusion before boiling. Add 8 per cent (2.0 N) NaOH to the infusion until phenol red gives a faint pink when added to samples of the turbid yeast suspension (about 40 cc. 2.0N NaOH are usually required). Add 30 grams Na2HPO4 12 H20 previously dissolved in 100 to 200 cc. of warm H20.
S. Boiling and preliminary filtration of yeast infusion. Raise temperature to boiling; stirring is necessary when the temperature approaches boiling point. Boil for one to three minutes. Filter through paper.
4. Adjustment of volume. Add H20 to compensate for loss due to evaporation and ifitration, until volume is 9.5 liters.
6. Final adjustment of pH. The broth is perfectly clear after the filtration in step 3, and colorimetric tests always show the pH to have dropped below 7.0. Adjust by addition of NaOH until pH is from 7.2 to 7.4. Add 150 grams Na2HPOj 12 H20 previously dissolved in 500 cc. warm H20. The addition of this phosphate usually raises the pH to about 8.0 with media prepared from most lots of the dried yeast. If a final pH of 7.8 is desired, the broth should be readjusted by addition of alkali, or acid if it is not pH 8.0 after addition of the phosphate at this stage. ( We prefer to adjust the pH with NaOH added in the order described to a point sufficient to enable the last addition of phospbate to raise the pH to 8.0. This point (usually pH 7.2 to 7.4) varies to some extent with different lots of yeast, but is fairly constant in different batches prepared from the same lot of dried yeast.) 6. Precipitation at 12000. before final filtration. Distribute the adjusted broth into large flasks and autoclave five minutes at 12000. have yielded uniformly good culture media, so that it is probable that all similar material will give good results. There was some variation in the buffer curves and in the content of fermentable substance in media prepared from different lots of the dried yeast, but none of these variations introduced any significant complications. Apparently, the yeast should be obtained as a reasonably fresh preparation; although lots of dried yeast that had been in the laboratory for over six months proved satisfactory, one lot that had been stored forabout three years in a warm room furnished inferior media.
The dried yeast from which most of the media has been prepared, was in the form of coarse granules. Broth made from one lot of finely powdered yeast seemed equally good from the standpoint of its nutrient qualities, but the media made from the powdered material had the disadvantage of slower filtration than that made from the granular material. III. Preparation of "twelve per cent yeast" broth This medium is prepared by essentially the same procedure as described in I for "5 per cent yeast" broth with the exception that the amount of dried yeast is increased to 120 grams per liter. The additional amount of yeast makes the preparation of this medium much more time-consuming, for filtration which is rapid with the "5 per cent" medium is slow with the "12 per cent" medium.
IV. Preparation of agar medium with "twelve per cent yeast" broth as base Agar medium may be prepared by the addition of 2.5 per cent agar to the "12 per cent yeast" broth.
The uniform reliability of every batch of "5 per cent yeast" broth is sufficient justification for its substitution for meat infu-sion peptone media for routine use in laboratories which have difficulty in the preparation of uniformly satisfactory media from meat. However, in addition to the advantage of reliability, the yeast broth posseses the advantage of cheapness. The total cost of the materials for one liter is 9 cents (7.6 cents for the yeast and 1.4 cents for the phosphate), or approximately the same as that of the 10 grams of peptone contained in one liter of meat infusion peptone media. Hence, by the use of yeast broth in place of meat infusion peptone broth, one saves the entire cost of the meat which varies from 15 to 30 cents per liter. The "12 per cent" media are described because for some special purposes they possess the advantage of a somewhat more rapid and luxuriant bacterial growth. In many instances, the richer medium is a disadvantage and in general practice, the advantage of the "12 per cent" over the "5 per cent" medium is not sufficient to justify the greater labor and expense involved in its preparation. The amount of reducing sugar in "5 per cent yeast" broth is insignificant as it is not detectable in tests of 0.5 cc. of the broth layered on 2.0 cc. of Benedict's solution; slight traces are present in some batches of the "12 per cent" broth. The amount of reducing sugar, is never sufficient to account for the growthpromoting properties of the yeast broth. Tests for glycogen proved positive in all lots of yeast broth. The presence of fermentable carbohydrate has been recognized by other workers in the preparation of different yeast media and some of them have employed preliminary autolysis of the yeast as a means of removing the fermentable substance. Our main purpose, however, was to obtain a medium that was simple in preparation and preliminary autolysis of the yeast seemed to complicate the method to too great an extent.
The amount of phosphate in the medium is sufficient to compensate for the production of a considerable amount of acid, and in the "5 per cent" broth none of the common bacteria reach a final pH sufficiently acid to interfere with most routine bacteriological procedures. (The production of acid varies to some extent with the lot of dried yeast from which the medium is prepared, but the following pH values represent that obtained in most of the batches of "5 per cent yeast" broth that we have made: Pneumococci, pH 6.6 to 7.0; scarlet fever and other hemolytic streptococci, 6.3 to 6.7; staphylococci, 6.7 to 7.0; diphtheria bacilli, 7.2 to 7.6; anthrax bacilli, 6.6 to 6.9; Friedlander, colon bacilli, and paratyphoid, 6.3 to 6.7; typhoid, 6.6 to 6.9; Flexner dysentery, 6.3 to 6.4; Shiga dysentery 6.7 to 6.8; tetanus, 6.8 to 7.2; Welch bacillus, 6.5 to 6.8; vibrion septique, 6.3 to 6.6.) Hence one can simply accept the production of some acid as a property of the medium that does not interfere with its routine use. Rather than to complicate the method of preparation by attempts to remove the source of acid, it seemed preferable to use another culture medium for any purpose in which the acid production was a real disadvantage. The amount of acid produced in the "12 per cent yeast" broth, however, is significant; with some bacteria, the pH drops to below 6.0; pneumococci, for example, usually giving a final pH from 5.6 to Q.0. For some purposes, however, even with pneumococci, this disadvantage can be circumvented by using the cultures at an early growth stage before the final high acidity is reached.
TESTS OF POSSIBLE BEROLOGICAL COMPLICATIONS
Since Fleischmann's dried yeast was the source of Mueller's preparation of the specific yeast carbohydrate (Mueller' and Tomcski, 1924) Although peptone is not added to yeast broth, it serves for the production of lysins (B. Welchii, tetanus bacillus and streptococcus) and toxins (diphtheria and tetanus). While not particularly interested in substituting the yeast broth for the usual meat infusion peptone medium in the production of toxin, we have regularly obtained more potent diphtheria toxin with the routine "5 per cent yeast" broth with all strains tested than under similar conditions with the best meat infusion peptone broth that could be prepared in this laboratory.
The "5 per cent yeast" broth has proved useful as a medium for pneumococcus cultures in typing. As COMMENT A description has been given of the method of preparation of culture media from commercial dried yeast. Media prepared from yeast have been reported by other workers; in most cases, the medium has contained peptone or other substances in addition to the yeast; in other cases, the method of preparation has been -somewhat too involved for a routine medium. Our object was to obtain a reliable culture medium, each batch of which could be depended upon for the growth of all kinds of bacteria that will grow in good batches, but not in poor batches, of meat infusion peptone media. At the same time, it was desired to keep the method simple enough to permit the preparation of the media in a reasonably short time by the ordinary technician. The described yeast media meet both these requirements and after a thorough test, we believe that they possess two definite advantages over meat infusion peptone media for all routine bacteriological procedures. The first advantage is reliability, in that each batch will support growth of pneumococci and other bacteria that fail to grow well in any batch of meat extract peptone broth or in a poor batch of meat infusion peptone media. Not a single one of 50 batches made from 4 different lots of the dried yeast has proved unsatisfactory. The second advantage is economy; the cost of the yeast and the phosphate is no greater than that of the peptone used in making meat infusion peptone media, and hence, the entire cost of the meat is saved. That the yeast media are as easy, or easier to prepare than meat infusion media, and that they can be sterilized by a single process in the autoclave are factors that fit them for routine use.
Although the described yeast media have these definite advantages it is necessary to accept certain limitations to their use. The first is the production of acid by some bacteria. This complicates the use of yeast broth as a base for the special carbohydrate media employed in testing the fermenting properties of bacteria. However, in the usual laboratory, carbohydrate fermentation tests are used principally in the study of the colontyphoid group of bacteria, which grow well in meat extractpeptone media. Consequently, we have made no attempt to use the yeast broth for this purpose, since we have considered it as a substitute for meat infusion peptone media and not for the cheap and easily prepared meat extract peptone broth. The second limitation is the possibility of complications arising from the fact that the yeast broth contains detectable amounts of the serologically reactive yeast carbohydrate described by Mueller and Tomcski (1924) . However, the experiments carried out in this connection showed that errors are not likely to result from the routine use of yeast broth cultures in properly controlled agglutinination and precipitin tests. Nevertheless, it is probably inadvisable to use yeast broth cultures in immunological investigations (particularly in problems connected with pneumococci) until more is known of the serological relationships of yeast to bacteria.
SUMMARY
This paper describes the method of preparation of culture media from commercial dried yeast, and reviews their advantages and limitations. The "5 per cent yeast" broth and agar have been found satisfactory for all routine purposes for which meat infusion peptone media are commonly employed. The yeast media are easy to prepare and possess the definite advantages of uniform reliability and of low cost (9 cents per liter of broth). Their use is especially recommended for the routine culture of infectious material in clinical bacteriological laboratories.
